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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present Invention relates to an apparatus, 
a mold, and a method for manufacturing a metal-ceramic 
composite member in which a ceramic and a metal are 
firmly joined together by a direct joining strength on an 
interface therebetween, and further relates to an elec- 
tronic member formed by mounting electronic devices on 
the manufactured metal-ceramic composite member 

2. DESCRIPTION OF THE RELATED ART 

[0002] Metal-ceramic composite members taking ad- 
vantages of characteristics of ceramic such as chemical 
stability, high melting point, insulation performance, high 
hardness, and relatively high thermal conductivity and 
characteristics of metal such as high strength, high 
toughness, easy workability, and electrical conductivity 
are in wide use for automobiles, electronic equipment, 
and so on, and typical examples thereof are metal-ce- 
ramic composite substrates and packages for automo- 
bile turbocharger rotors and for mounting high-power 
electronic elements. 

[0003] As methods for manufacturing the metal-ce- 
ramic composite members, adhesive bonding, plating, 
metallization, thermal spraying, internal chill, brazing, 
and a DBC method are well known in the art, and as for 
metal-ceramic composite substrates among the metal- 
ceramic composite members, most of them have recently 
been manufactured by the DBC method using alumina 
substrates and a metal active brazing method using alu- 
minum nitride substrates in view of cost problem. 
[0004] This applicant has proposed a method and an 
apparatus for directly joining aluminum as a metal mem- 
ber to a ceramic member, and a mold therefor (for ex- 
ample, refer to Patent documents 1 to 3). 

(Patent document 1 ) 

[0005] Japanese Patent Laid-open No. Hei 07-276035 
(Patent document 2) 

[0006] Japanese Patent Laid-open No He! 1 1-22671 7 
(Patent document 3) 

[0007] Japanese Patent Laid-open No. 2002-76551 . 
[0008] Recently, in accordance with the expansion of 
the market for metal-ceramic composite members, there 
has been an increasing demand for the supply of metal- 
ceramic composite members in various shapes at low 
cost There are some cases, however, where the afore- 
said proposals cannot always fully respond to such a 



demand. 

[0009] For example, when a metal-ceramic composite 
member, which is shown in, for example, FIG. 4C, FIG. 
7. or FIG- 9, being so structured that a plurality of ceramic 

5 substrates are joined onto a joining metal is to be pro- 
duced through the use a vertical-type mold according to 
the prior art in which the ceramic substrates are placed 
vertically, the ceramic substrates are given considerable 
buoyancy due to a poured molten metal to become un- 

10 stable. Consequently, the position and posture of the ce- 
ramic substrates in the mold fluctuate even with a slight 
shock accompanying the pouring of the molten metal and 
the movement of the mold, which has been an obstacle 
to the manufacture of a desired metal-ceramic composite 

15 member. It might be possible as a method for solving this 
problem to provide a jig in the vertical-type mold so as 
to prevent the fluctuation in the position and posture that 
is caused by the floating of the ceramic substrates, but 
this method had to be given up due to the complication 

20 of the internal structure of the mold, the possibility that 
materials constituting the jig may become new contam- 
inating sources, and so on 



25 



SUMMARY OF THE INVENTION 



[0010] The present invention is made in view of the 
problem stated above, and it is an object of the present 
invention to provide a manufacturing apparatus that is 
capable of manufacturing metal-ceramic composite 

30 members In various shapes with high productivity, and a 
mold member and a manufacturing method therefor, and 
further to provide an electronic member that is formed 
by mounting electronic devices on the manufactured met- 
al-ceramic composite member. 

35 [0011] To solve the problem stated above the invention 
provides an apparatus for manufacturing a metal-ceram- 
ic composite member as defined in claim 1 . 
[0012] When the above-described structure is adopt- 
ed, since heating, molten metal pouring, and cooling can 

40 be performed while the mold mem ber having the ceramic 
member placed therein is passing through the passage 
member practically in the shielded state from the atmos- 
phere, the plural mold members contiguous to one an- 
other can pass through the passage member, and in ad- 

45 dition, the molten metal to be joined is poured into the 
mold member, so that the time for melting the metal is 
not required, and the mold member itself can be down- 
sized, resulting in the reduction in the heating time and 
the cooling time. Consequently, productivity of the metal- 

50 ceramic composite member has been greatly improved. 
[001 3] A preferred embodiment of the inventive appa- 
ratus is defined in claim 2. 

[0014] When the structure of the above-mentioned 
preferred embodiment is adopted, the position of the 
55 mold member in the manufacturing apparatus of the met- 
al-ceramic composite member can be controlled, and the 
mold member and the passage member work in cooper- 
ation to generate a resisting force against a camber that 
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occurs when the molten metal is cooled and solidified. 
Consequently, the mold member can be downsized. 
[0015] According to a further embodiment as defined 
in claim 3, in the apparatus for manufacturing the metal- 
ceramic composite member, a predetermined amount of s 
the molten metal to be joined is poured to the mold mem- 
ber by pressure. 

[0016] When the at>ove-described structure is adopt- 
ed, the predetermined amount of the molten metal to be 
joined is poured to the mold member by pressure, so that 
the pouring time is reduced and the molten metal can be 
poured Into the mold member, leaving no space unfilled. 
This has improved productivity and moldability of the met- 
al-ceramic composite member. 

[0017] According to a still further preferred embodi- ^5 
ment as defined in claim 4, in the apparatus for manu- 
facturing the metal-ceramic composite member, the mol- 
ten metal to be joined is made to flow while being in con- 
tact with the mold member and poured so as to come 
into contact with the surface of the ceramic member. 20 
[0018] When the above-described structure, in which 
the molten metal to be joined is made to fiow while being 
in contact with the mold member, is adopted, a metal 
oxide on a surface of the molten metal to be joined ad- 
heres to the mold member, or is taken into an inner part 
of the molten metal to be., removed from the surface of 
the molten metal, and when this molten metal having no 
metal oxide on the surface thereof is brought into contact 
with the surface of the ceramic member, the decrease In 
the metal-ceramic joining strength can be avoided since 30 
the metal oxide does not exist on the metal-ceramic In- 
terface. 

[0019] According to the preferred embodiment as de- 
fined in claim 5, the ceramic member is placed horizon- 
tally in a mounting portion In the mold member, utilizing 35 
a self-weight of the ceramic member. 
[0020] When the above-described structure is adopt- 
ed, the ceramic member lying horizontally in the mount- 
ing portion in the mold member is placed stably In the 
mold member owing to the self-weight thereof, so that ^0 
the position and posture thereof are not fluctuated even 
when it is given buoyant from the molten metal that is 
poured with an area larger than the surface area of the 
ceramic member. This has made it possible to manufac- 
ture a desired metal-ceramic composite member ^5 
[0021] According to the preferred embodiment as de- 
fined in claim 6 the apparatus comprises a shrinkage 
cavity inducing portion provided in the mold member, that 
causes a shrinkage cavity of the metal to be generated 
therein when the molten metal is cooled. 50 
[0022] When the above-described structure is adopt- 
ed, the shrinkage cavity, which is generated when the 
poured molten metal is cooled, is induced to and gener- 
ated in the shrinkage cavity inducing portion. This has 
made it possible to manufacture the metal-ceramic com- ss 
posrte member without any shrinkage cavity in a product 
portion. 

[0023] The invention also provides a method for man- 



ufacturing, a metal-ceramic composite member as de- 
fined in claim 7. in order to solve the aforementioned 
problem. 

[0024] When the above-described structure is adopt- 
ed, since heating, molten metal pouring, and cooling are 
performed while the mold member having the ceramic 
member placed therein is passing through the passage 
member practically in the shielded state from the atmos- 
phere, the plural mold members contiguous to one an- 
other can pass through the passage member, and in ad- 
dition, the molten metal to be joined is poured into the 
mold member, so that the time for melting the metal is 
not required, and the mold member itself is downsized, 
resulting in the reduction in the heating time and the cool- 
ing time. This has greatly improved productivity of the 
metal-ceramic composite member. 
[0025] According to a preferred embodiment of the in- 
ventive method the solidification is made to progress in 
one direction when the molten metal is cooled and solid- 
ified. 

[0026] The adoption of the above-described structure 
realizes uniform crystal structure of the metal that is the 
cooled and solidified molten metal, resulting in excellent 
electrical characteristics and etching characteristics, and 
also resulting in a uniform and firm metal-ceramic joining 
strength in the ceramic member. 

[0027] According to a further preferred embodiment as 
defined in claim 9. in the method for manufacturing the 
metal-ceramic composite member the metal is aluminum 
or an alloy essentially consisting of aluminum, and 
the ceramic member is any one of an oxide, a nitride, 
and a carbide of aluminum, and an oxide, a nitride, and 
a carbide of silicon. 

[0028] The adoption of the above-described structure 
has made it possible to obtain a sufficient joining strength 
on the metal-ceramic interface, and further to manufac- 
ture a widely applicable metal-ceramic composite mem- 
ber that has, as its constituent members, a metal high in 
electrical conductivity and thermal conductivity and a ce- 
ramic high in electrical insulatability and thermal conduc- 
tivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

FIG. 1 is a vertical sectional view of an example of 
an apparatus for manufacturing a metal-ceramic 
composite member according to the present inven- 
tion; 

FIG. 2A is a perspective view of a mold member ac- 
cording to the present invention; 
FIG 2B is a cross sectional view of the mold member 
according to the present invention, taken along the 
A-A line; 

FIG. 2C and FIG. 2D are cross sectional views taken 
along the B-B line when the moid member passes 
through the Inside of a passage member; 
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FIG. 3A to FIG. 3E are vertical sectional views show- 
ing steps of manufacturing a ceramic member and 
placing the ceramic member in the mold member; 
FIG. 4A and FIG. 4B are vertical sectional views 
showing steps of manufacturing the metal-ceramic 
composite member 

FIG. 4C is a perspective view of an example of a 
metal-ceramic composite memt>er that is manufac- 
tured; 

FIG. 5 is a perspective view of an example of a metal- 
ceramic composite member with cooling fin; 
FIG. 6A is a cross sectional view of a mold for the 
metal-ceramtc composite member with cooling fin; 
FIG. 6B is a cross sectional view taken along the O 
C line in FIG. 6A; 

FIG. 7 is a perspective view of an example of a metal- 
ceramic composite member with wiring joining met- 
al; 

FIG. 8 is a cross sectional view of a mold for the 
metal-ceramic composite member with wiring joining 
metal; 

FIG. 9 is a perspective view of an example of a metal- 
ceramic composite member with cooling fin and wir- 
ing joining metal; 

FIG. IDA is a cross sectional view of a mold for the 
metal-ceramic composite member with cooling fin 
and wiring joining metal; 

FIG. 1 0B is a cross sectional view taken along the 
D-D line in FIG. 10A; 

FIG. 11 is a perspective view of an example of a 
metal-ceramic composite member with double-sid- 
ed wiring joining metal; and 
FIG.. 12 is a cross sectional view of a mold for the 
metal-ceramic composite member with the double- 
sided wiring joining metal. 

DETAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENTS 

[0030] Hereinafter, embodiments of the present inven- 
tion will be explained using FIG. 1 to FIG. 40. 
[0031] Here. FIG. 1 is a vertical sectional view showing 
an example of a manufacturing apparatus of a metal- 
ceramic composite member according to the present in- 
vention. FIG. 2A is a perspective view of an example of 
a mold member according to the present invention. FIG. 
2B is a cross sectional view of the example of the mold 
member according to the present Invention, taken along 
the A-A line, FIG. 2C and FIG. 2D are cross sectional 
views taken along the B-B line when the mold member 
passes through the inside of a passage member provided 
In the manufacturing apparatus, FIG. 3A to FIG. 3E are 
vertical sectional views showing steps from manufactur- 
ing a ceramic member and up to placing the manufac- 
tured ceramic member in the mold member shown in 
FIG. 2A. FIG. 4A and FIG. 4B are vertical sectional views 
of essential parts of FIG. 1, in which the mold member 
is added In order to show the step of manufacturing the 



metal-ceramic composite member through the use of the 
manufacturing apparatus of the metal-ceramic compos- 
ite member shown in FIG. 1 by pouring a molten metal 
to be joined into the mold member in which the ceramic 
5 member is placed, and FIG. 4C is a perspective view of 
an example of the metal-ceramic composite member 
manufactured in this step. 

[0032] A joining fumace that is a manufacturing appa- 
ratus of a metal-ceramic composite member according 
10 to the present invention will be explained first using FIG.1 . 
[0033] In FIG. 1 . a joining fumace 1 is a fumace for 
joining a metal member onto a ceramic member by pour- 
ing a molten metal Into a mold member (not shown) hav- 
ing the ceramic member placed therein and by cooling 

IS the molten metal thereafter. This joining fumace 1 is com- 
posed of: an atmosphere replacing/heating part 1 1 that 
is a process region where an atmosphere in the mold 
member is replaced with an inert gas atmosphere, and 
thereafter, the mold member is heated; a molten-metal 

20 push-out part 21 that is a process region where the tem- 
perature of the mold member having heated in the at- 
mosphere replacing/heating part 1 1 is maintained at a 
pouring temperature and in this state, a molten metal 53 
to be joined (hereinafter, referred to simply as a molten 

25 metal) is poured into the mold member; and a cooling 
part 31 that is a process region where the temperature 
inside the mold member to which the molten metal has 
been poured in the molten-metal push-out part 21 is 
cooled to thereby joining the metal to the ceramic mem- 

30 ber. 

[0034] These atmosphere replacing/heating part 11, 
molten-metal push-out part 21, and cooling part 31 are 
arranged in a line in a horizontal direction. A first partition 
wall 13 is interposed between the external environment 

35 and the atmosphere replacing/heating part 1 1 , a second 
partition wall 23 is interposed between the atmosphere 
repladng/heating part 1 1 and the molten-metal push-out 
part 21 . a third partition wall 24 is interposed between 
the molten-metal push-out part 21 and the cooling part 

40 31 , and a fourth partition wall is interposed between the 
cooling part 31 and the external environment. Further, 
an atmosphere repladng/heating part heater 12, a mol- 
ten-metal push-out part heater 22, and a cooling part 
heater 32 as heating units and temperature controllers 

45 are provided on sidewalls of the atmosphere replacing/ 
heating part 1 1 , the molten-metal push-out part 21 , and 
the cooling part 31 . so that the temperature of the mold 
member placed in each chamber can be appropriately 
controlled. A cooling jacket 45 as a cooling unit for the 

50 mold member is disposed in the cooling part 31 . 

[0035] A pouring apparatus 51 that pours the molten 
metal to the mold member by pressure is further provided 
in the molten-metal push-out part 21. The pouring appa- 
ratus 51 is a pouring unit that supplies the mold member 

55 with a predetermined amount of the molten metal 53 in 
a pouring basin 52, by pressure through the use of a 
piston 54 that is vertically moved in a cylinder 56 by a 
piston apparatus 55. An appropriate amount of the mol- 
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ten metal 53 is supplied to the pouring basin 52 via a 
molten metal runner 59 from a molten-metal smelting fur- 
nace 58 provided in the inert gas atmosphere outside a 
partition wall of the joining furnace 1. 
[0036] Further, a guide 48 being a passage member 
is provided starting from the first partition wall 1 3, extend- 
ing along the plural process regions, namely, the atmos- 
phere repladng/heating part 1 1 , the molten-metal push- 
out part 21 . and the cooling part 31 , and passing through 
the fourth partition wall 33. An end of this guide 48 on a 
mold inserting side is a mold inlet 43, and an end thereof 
on a mold take-out side is a mold outlet 46. Portions each 
having a length corresponding roughly to one piece of 
the mold member or two from each of the ends of the 
guide 48, namely, the mold inlet 43 and the mold outlet 
46, are hollow cylindrical portions 49, and the remaining 
middle portion is constituted of an upper mold guide rail 
41 and a lower mold guide rail 42 that have cross sec- 
tions, for example, in a horseshoe shape, the upper mold 
guide rail 41 and the lower guide rail 42 facing each other 
at opening ends thereof. 

[0037] The guide 48 has, in the atmosphere replacing/ 
heating part 1 1 , an opening portion 44 for atmosphere 
replacement in mold; in the molten-metal push-out part 
21 , it has a narrow portion 57 open in the wall thereof 
that is a pouring spout of the pouring apparatus 51 , and 
an atmosphere vent 47 open in the wall thereof apart 
from the narrow portion 57 by an appropriate distance; 
and in the cooling part 31, it has the aforesaid cooling 
jacket 45 provided on the wall thereof. 
[0038] In the joining furnace 1 described above, when 
the mold members having the ceramic members placed 
therein are successively inserted from the mold inlet 43 
provided at the end of the guide 48, first in the atmosphere 
replacing/heating part 1 1 , each of the mold members ad- 
vances in the cylindrical portion 49 and the guide 48 while 
being heated by the atmosphere replacing/heating part 
heater 12, and when it reaches the opening portion 44 
for atmosphere replacement in mold, the atmosphere in 
the mold member is replaced with the inert gas atmos- 
phere. This inert gas atmosphere is a nitrogen gas, an 
argon gas, or the like whose oxygen concentration is con- 
trolled at a predetermined value or lower, preferably 1 % 
or lower. Incidentally, the dimension of the mold member, 
which will be detailed later, is such that the mold member 
is practically in close contact with, an inner wall of the 
cylindrical portion 49, so that the invasion of the atmos- 
phere into the guide 48 is prevented even when the mold 
members are successively inserted from the mold inlet 
43. After passing through the cylindrical portion 49. the 
mold member advances through the process regions, 
being tightly held between the upper mold guide rail 41 
and the lower mold guide rail 42. 
[0039] Next; when the mold member advances to the 
molten-metal push-out part 21 to reach an area under 
the poring apparatus 51, the molten-metal 53 is poured 
thereto through the narrow portion 57 while the mold 
member is being heated by the molten-metal push-out 



part heater 22 to the temperature appropriate for pouring. 
At this time, the pouring basin 52. the piston 54, the piston 
apparatus 55, and the cylinder 56 provided in the pouring 
apparatus 51 cooperatively operate to pour a predeter- 
5 mined amount of the molten metal 53 to the mold member 
at a predetermined pressure. The pouring basin 52 in 
which an amount of the molten metal 53 has been re- 
duced due to this pouring is refilled with the molten metal 
53 from the molten metal smelting furnace 58, when nec- 

10 essary. Incidentally, the atmosphere in the mold member 
escapes through the atmosphere vent 47 when the mol- 
ten metal 53 is poured to the mold member. 
[0040] The mold member to which the molten metal 
53 has been poured advances to the cooling part 31 , and 

^5 the cooling part heater 32 and the cooling jacket 45 op- 
erate in cooperation to lower the temperature of the mold 
member at a predetermined temperature drop rate, 
thereby cooling and solidifying the molten metal 53. At 
this time, since the mold member gets to the cooling jack- 

20 et 45 provided in the lower mold guide rail 42 while being 
tightly held between the upper and lower mold guile rails 
41 , 42, it is possible to shift a cooled and solidified portion 
of the molten metal 53 in one direction, starting from a 
lower portion thereof on a mold outlet 46 side of the mold 

25 member, subsequently toward a mold inlet 43 side of the 
mold member, and toward an upper portion of the mold 
member in accordance with the advance of the mold 
member, which is preferable. This will be detailed later. 
[0041 ] After passing through the cooling jacket 45, the 

30 mold member, which has been tightly held between the 
upper and lower mold guide rails 41 . 42, passes through 
the cylindrical portion 49 again to be taken out from the 
mold outlet 46. Since an inner wall of this cylindrical por- 
tion 49 on the mold outlet 46 side also comes into prac- 

35 tically close contact with the mold member, the invasion 
of the atmosphere into the guide 48 is prevented even 
when the mold members are taken out from the mold 
outlet 46 successively 

[0042] Next, an example of the mold member accord- 

40 Ing to the present invention will be explained using FIG. 
2A and FIG. 2B and, using FIG. 2C and FIG. 2D, the 
state when the mold member, passes through a passage 
member will be further explained. 
[0043] As shown in FIG. 2A and FIG. 2B, an extemal 

^5 shape of a mold 60 that is a mold member is a rectangular 
parallelepiped having a mold upper face 64 and a mold 
lower face 65. A first mold recessed portion 62 that is to 
be filled with a molten metal and second mold recessed 
portions 63 (FIG. 2 shows an example when they are 

50 disposed at three places) in which later-described ce- 
ramic substrates are to be disposed are cut in the mold 
upper face 64. Note that, when the later-described ce- 
ramic subsfrates have metal plates joined thereon in ad- 
vance, each of the second mold recessed portions 63 is 

55 preferably cut in two separate steps to produce a portion 
91 having a size corresponding to the size of the ceramic 
substrate to be disposed therein and a portion 92 having 
a size corresponding to the size of the metal plate to be 
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disposed therein. Further, the mold upper face 64 has a 
recessed portion that is a shrinkage cavity indudng por- 
tion 61 provided adjacent to a portion where the molten 
metat filled in the first mold recessed portion 62 is finally 
solidified when this mold 60 is cooled in the cooling part 
31. 

[0044] FIG. 2C is a cross sectional view when the mold 
60 passes through the inside of the cylindrical portions 
49 provided on both ends of the guide 48 that is a passage 
member disposed in the joining furnace 1 according to 
the present invention, and FIG. 2D is a cross sectional 
view when the mold 60 passes between the upper and 
lower mold guide rails 41 , 42 provided in the middle por- 
tion of the guide 48 that is the passage member 
[0045] First, as shown in FIG. 2C. the external shape 
of the mold 60 and the inner walls of the cylindrical por- 
tions 49 are made to have such dimensions that the mold 
60 practically comes into close contact with the inner 
walls of the cylinder portions 49 when the mold 60 passes 
through the inside of the cylindrical portions 49. Thus, 
the external shape of the mold 60 and the inner walls of 
the cylindrical portions 49 are made to have such dimen- 
sions as to fit each other, and the cylindrical portions 49 
are made to have a length each corresponding roughly 
to one piece of the mold 60 or two pieces, so that it can 
be practically prevented that the atmosphere passes 
through a gap between the mold 60 and the cylindrical 
portions 49 to invade into the guide 48. 
[0046] Next, as shown in FIG. 2D, the mold 60 having 
passed through the cylindrical portion 49 is tightly held 
between the upper moid guide rail 41 and the lower moid 
guide rail 42 that are disposed in the middle portion of 
the guide 48. The mold 60 passes through the guide 48. 
being tightly held between the upper and lower guide 
rails 41 , 42. The middle portion of this guide 48 is pref- 
erably so structured that it is divided into the upper and 
lower guide rails 41, 42 because, in the middle portion, 
it is not necessary to prevent the invasion of the atmos- 
phere and because this structure is easily' applicable by 
widening or narrowing the interval between the upper 
and lower mold guide rails 41, 42 when molds different 
in height are used as the molds 60. In this embodiment, 
the guide 48 is shown as an example in which the upper 
and lower mold guide rails 41, 42 each having a cross 
section in a horseshoe shape face each other at opening 
ends thereof as described above, but other structures 
may be adopted as long as they can tightly hold the mold 
member therebetween to restrict the advancement direc- 
tion thereof 

[0047] The cylindrical portions 49 on both sides of the 
guide 48 have a cylindrical structure as described above, 
and therefore, when a mold different in external height 
is to be inserted therein, the cylindrical portions 49 can 
be pulled out to be replaced with other cylindrical portions 
49 having a different dimension corresponding to the 
height of the newly inserted molds Ass described above, 
since the length of this cylindrical portion 49 is a length 
roughly corresponding to one piece of the mold member 



or two pieces, the replacement thereof is easy. 
[0048] Thus, with such a structure of the guide 48 that 
the end portions thereof are the cylindrical portions 49 
and the middle portion thereof is constituted of the upper 

5 and lower mold guide rails 41 , 42, the successive inser- 
tion of the plural molds 60 contiguous to one another into 
the guide 48 can practically prevent the invasion of the 
atmosphere into the guide 48 even if the mold inlet 43 
and the mold outlet 46 explained in FIG. 1 are open to 

10 the atmosphere, and moreover, this structure is easily 
adaptable to the use of molds different in external height 
as the molds 60. Note that it is preferable to use carbon 
materials or metal as materials of the upper and lower 
mold guide rails 41, 42 and the cylindrical portions 49. 

15 [0049] Next, the step of manufacturing the ceramic 
member used as an example of the present invention 
and how the manufactured ceramic member is placed in 
the mold member will be explained using FIG. 3A to FIG. 
3E. 

20 [0050] First, as shown in FIG. 3A. a brazing material 
83 containing active metal such as Ti and Zr is printed 
on a ceramic substrate 82. The printing thickness, though 
it may be determined appropriately depending on the ma- 
terials of the ceramic member, a metal member, and the 

25 brazing material, is preferably about 20 yLtn when, for 
example, aluminum nitride is used as the ceramic mem- 
ber and Cu is used as a circuit metal plate which will be 
described later. 

[0051] Then, as shown In FIG. 3B. a circuit metal plate 
30 84 is put on the brazing material 83, and they are heated 
to about SSO^'C In a vacuum atmosphere, so that the cir- 
cuit metal plate 84 is joined onto the ceramic substrate 
82. As the circuit metal plate 84, copper, aluminum, or 
the like is preferably used. 

35 [0052] Further, as shown in FIG. 3C, an etching resist 
85 is printed in a predetermined pattern on this circuit 
metal plate 84 joined onto the ceramic substrate 82. and 
thereafter, etching is applied to remove the circuit metal 
plate 84 and the brazing material 83 outside the pattem. 

40 [0053] Thus, obtained is a ceramic member 86, which 
is shown in FIG. 3D, having on the ceramic substrate 82 
the circuit metal plate 84 and the brazing material 83 that 
have been etched into the pattern. 
[0054] Here, as shown in FIG. 3E, the obtained ceram- 

45 ic members 86 are placed horizontally in the second mold 
recessed portions 63 that are mounting portions in the 
mold 60. At this time, the ceramic substrate 82. and the 
patterned circuit metal plate 84 and brazing material 83 
of the ceramic member 86 are received stably owing to 

so the self-weight in the portion 91 that has the size corre- 
sponding to the size of the placed ceramic substrate and 
the portion 92 that has the size corresponding to the size 
of the placed metal plate in each of the second mold 
recessed portions 63, so that an upper face of the ceramic 

S5 substrate 82 becomes flush with a face of the first moid 
recessed portion 62. 

[0055] Alternatively, a method of directly joining the 
circuit metal plate 84 onto the ceramic substrate 82 may 
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be adopted, instead of using the brazing material 83 as 
a method of joining the circuit metal plate 84 onto the 
ceramic substrate 82. In this case, the circuit metal plate 
84 is directly placed on the ceramic substrate 82 and they 
are heated, for example, in a nitride atmosphere, so that s 
the circuit metal plate 84 can be directly joined onto the 
ceramic substrate 82. 

[0056] Next, using FIG. 4A to FIG. 4C. explanation will 
be given on the step of joining a metal onto the ceramic 
members 86 placed in the mold 60 to manufacture a met- io 
al-ceramic composite member by the joining furnace 1 
according to the present invention and on the manufac- 
tured metal-ceramic composite member. 
[0057] First, as shown in FIG. 4A, the plural molds 60 
each having the ceramic members 86 placed therein are ^5 
inserted into the guide 48 from the mold inlet 43 provided 
at the first partition wall 13 of the joining furnace 1 so as 
to be contiguous to one another. Then, the ceramic mem- 
bers 86 and the molds 60 advance in the atmosphere 
replacing/heating part 1 1 while being heated by the at- 20 
mosphere replacing/heating part heater 12. and when 
the first mold recessed portion 62 reaches the opening 
portion 44 for atmosphere replacement in mold, the at- 
mosphere in the mold recessed portion is replaced with 
the inert atmosphere of the atmosphere replacing/heat- 25 
ing part 1 1 . At this time, the temperature of the inert at- 
mosphere of the atmosphere replacing/heating part 1 1 
is preferably about 500°C to about 750**C. 
[0058] The ceramic members 86 and mold 60 for which 
the atmosphere replacement and heating have been 30 
completed enter the molten-metal push-out part 21 to 
advance therein while being heated this time to about 
650'C to about 850'*C by the molten-metal push-out part 
heater 22, and reaches the pouring apparatus 51 . 
[0059] When the mold 60 having the ceramic members 35 
86 placed therein reaches the pouring apparatus 51 , the 
piston 54 is pushed down by the piston apparatus 55 as 
shown in FIG. 4B, so that the molten metal 53 in the 
pouring basin 52 is poured by pressure Into the first mold 
recessed portion 62 from the cylinder 56 through the nar- 
row portion 57. The pouring rate of the molten metal 53 
at this time is preferably 5 g/sec to 100 g/sec. and the 
piston 54 is preferably pressed with a load of several 
hundreds g to several kg. The narrow portion 57 is pref- 
erably 0.2 mm to 1 mm in diameter and 5 mm to 30 mm 45 
in length. 

[0060] At this time, since the mold 60 is moving while 
being tightly held by the guide 48 along the periphery 
thereof and sandwiched by the preceding and subse- 
quent ones as descried above, so that the first mold re- 50 
cessed portion 62 can be accurately aligned with the nar- 
row portion 57. 

[0061] Since the atmosphere in the molten-metal 
push-out part 21 is inactive, the molten metal 53 does 
not easily oxidize, but even If an oxide coating is pro- ss 
duced, the oxide coating is broken when the molten metal 
53 passes through the narrow portion 57, so that the fresh 
molten metal 53 containing almost no metal oxide is 



poured by pressure into the first mold recessed portion 
62. Here, since the mold upper face 64 and the upper 
mold guide rail 41 are in close contact with each other 
as described above, the atmosphere in the first mold re- 
cessed portion 62 escapes from the aforesaid atmos- 
phere vent 47 while the molten metal 53 is being filled 
therein. 

[0062] Here, when the mold 60 has the shrinkage cav- 
ity inducing portion 61 explained in FIG. 2A, it is prefer- 
able that the molten metal. 53 containing almost no oxide 
metal on the surface thereof that has passed through the 
narrow portion 57 is poured onto the shrinkage cavity 
indudng portion 61, Instead of being poured onto the 
ceramic members 86 directly as described above, and 
reaches the surfaces of the ceramic members 86 after 
flowing along the surface of the mold 60. This is because 
the surface of the molten metal 53 reaching the surfaces 
of the ceramic members 86 can be made fresher when 
the metal oxide that has not been removed from and re- 
mains on the surface of the molten metal 53 even after 
it passes through the narrow portion 57 is adsorbed by 
the mold member or taken into an inner part of the molten 
metal 53. The fresher surface of the molten metal 53 
reaching the surfaces of the ceramic members 86 makes 
it possible to further avoid the decrease In the metal- 
ceramic joining strength since the metal oxide does not 
exist on the metal-ceramic interface. 
[0063] Meanwhile, even when the molten metal 53 is 
poured by pressure into the first mold recessed portion 
62, the ceramic members 86 stably placed horizontally 
in the second mold recessed portions 63 owing to their 
own weight do not fluctuate in its position and posture. 
Thus, the molten metal 53 poured by pressure is filled in 
the first mold recessed portion 62 and the shrinkage cav- 
ity inducing portion 61 . 

[0064] Here, in FIG. 4A again, the mold 60 filled with 
the molten metal 53 enters the cooling part 31 , advances 
therein while being temperature-controlled this time at 
about 200''C to 700'*C by the cooling part heater 32, and 
reaches the cooling jacket 45. Here, the cooling jacket 
45 is provided to be flush with the surface of the lower 
mold guide rail 42 and has been water-cooled to about 
30'*C, so that the cooling and solidification of the molten 
metal 53 filled in the mold 60 are started from a lower 
portion thereof on the mold outlet 46 side, progress to- 
ward an upper portion thereof, and in accordance with 
the advance of the mold 60, toward the mold outlet 43 
side in one direction. As a result, the joining metal that 
is the cooled and solidified molten metal 53 has a uniform 
crystal structure to become excellent in uniform electrical 
characteristics and etching characteristics and at the 
same time, the metal-ceramic joining strength in the ce- 
ramic member 86 also becomes uniform and firm. 
[0065] More preferably, when the shrinkage cavity in- 
ducing portion 61 explained in FIG. 2A is provided at an 
end point of the cooling and solidification that progress 
in one direction, the shrinkage cavity caused by the vol- 
ume reduction of the filled molten metal at its solidification 
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can be easily and reliably induced to and generated in 
the shrinkage cavity inducing portion 61. As a result, the 
generation of the shrinkage cavity in the metal-ceramic 
composite member being a product can be avoided. 
[0066] As the cooling and solidification progress, a 
camber occurs in a solidified portion of the molten metal 
53 due to the difference in thermal expansion coefficient 
between the molten metal 53 and the ceramic members 
86. but the resisting force of the inner walls of the upper 
and lower mold guide rails 41 , 42 and the mold 60 corrects 
the deformation, so that the molten metal 53 is solidified 
maintaining its shape as it is filled in the first mold re- 
cessed portion 62. 

[0067] When the mold 60 in which the filled molten 
metal 53 is solidified is taken out from the mold outlet 46 
provided at the fourth partition wall 33, desired metal- 
ceramic composite members have been obtained. The 
production speed of roughly one mold to five molds/ 
minute, though varying depending on the size and shape 
of the metal-ceramic composite members, has been 
achieved. 

[0068] FIG. AC is a perspective view of an example of 
the metal-ceramic composite member manufactured 
through the above-described step. This metal-ceramic 
composite member is the one that is so structured that 
the ceramic substrates 82 of a plurality of members are 
joined onto a joining metal 87 being a metal member, 
each of the plural members being so structured that the 
circuit metal plate 84 is joined onto the ceramic substrate 
82 via the brazing material 83 or the circuit metal plate 
84 is directly joined onto the ceramic substrate 82. 
[0069] Here, an oxide, a nitride, or a carbide of alumi- 
num, or an oxide, a nitride, or a carbide of silicon, all 
excellent in electrical insulation and thermal conductivity, 
is preferably usable as the ceramic substrate 82. As the 
joining metal 87, preferably usable is aluminum or an 
alloy essentially consisting of aluminum having a suffi- 
dent joining strength on the metal-ceramic interface and 
being excellent in electrical conductivity and thermal con- 
ductivity. The adoption of this structure is preferable since 
this structure makes it possible to obtain a widely appli- 
cable metal-ceramic composite member. 
[0070] The embodiment of the present invention ex- 
plained in detail above allows the manufacture of metal- 
ceramic composite members in various shapes. Exam- 
ples of embodiments relating to the manufacture of met- 
al-ceramic composite members, among all. having typi- 
cal shapes will be further explained. 

(Metal-ceramic composite member with cooling fin) 

[0071] A metal-ceramic composite member with cool- 
ing fin will be explained using FIG. 5. FIG. 6A. and FIG. 
6B. 

[0072] Here, FIG: 5 is a perspective view of an example 
of the metal-ceramic composite member with cooling fan, 
FIG. 6A is a cross sectional view of a mold 66 for the 
metal-ceramic composite member with cooling fan (here- 



inafter, referred to as a fin mold), and FIG. 6B is a cross 
sectional view taken along the C-C line in FIG. 6A. 
[0073] First, in FIG. 5, the metal-ceramic composite 
member with cooling fin, similariy to the above-described 

5 metal-ceramic composite member, is so structured that 
a circuit metal plate 84 is joined onto one face of a ceramic 
substrate 82 via a brazing material 83 and a joining metal 
87 having a comb-shaped cooling fin is joined onto the 
other face thereof. 

10 [0074] Next, using FIG. 6A and FIG. 6B, explanation 
will be given on a mold for the metal-ceramic composite 
member with cooling fin for use in manufacturing the ex- 
ample of the metal-ceramic composite member with cool- 
ing fin. 

15 [0075] In FIG. 6A and FIG. 68, the fin mold 66 has a 
lower mold 67 and a lid mold 68. In the lower mold 67, a 
first mold recessed portion 62 and second mold recessed 
portions 63 are provided, and in each of the second mold 
recessed portions 63. a portion 91 that is made to have 
20 the size corresponding to the size of a ceramic substrate 
to be placed therein and a portion 92 that is made to have 
the size corresponding to the size of a metal plate to be 
placed therein are cut, and the metal-ceramic composite 
member having the aforesaid ceramic substrate 82. braz- 
25 ing material 83, and circuit metal plate 84 is placed there- 
in. The lid mold 68 having a comb portion 70, which is a 
comb-shaped irregularity, provided on a surface thereof 
facing this metal-ceramic composite member is put on 
the lower mold 67 so as to cover the lower mold 67, leav- 
30 ing a space in the first mold recessed portion 62. Further, 
an opening portion 69 and a lid atmosphere vent 71 are 
provided at appropriate places of the lid mold 68. Note 
that the opening portion 69 serves also as a shrinkage 
cavity inducing portion in the fin mold 66. 
35 [0076] When a molten metal is poured from the joining 
fumace 1 explained in FIG. 1 to the fin mold 66 in which 
the metal-ceramic composite members are placed, the 
metal-ceramic composite member with cooling fin shown 
in FIG. 5 can be manufactured. The manufacture thereof 
"^0 will be explained using again FIG. 4A and FIG. 48. 
[0077] Since the fin mold 66 in which the metal-cerarhic 
composite members are placed has a larger height than 
that of the mold 60 explained in FIG. 4A to FIG. 4C, the 
Interval between the upper and lower mold guide rails 
45 41 , 42 is enlarged and the cylindrical portions 49 on both 
sides of the guide 48 are pulled out for replacement with 
those that closely fit the fin mold 66. Thereafter, the plural 
fin molds 66 are inserted from the mold inlet 43, being 
contiguous to \he preceding and subsequent ones. Each 
50 of the fin molds 66 advances in the atmosphere replacing/ 
heating part 11, and while the fin molds 66 are being 
heated, the lid opening portion 69 or the lid atmosphere 
vent 71 reaches the opening portion 44 for atmosphere 
replacement in mold, at which the atmosphere inside the 
55 fin mold 66 is replaced with an atmosphere whose oxygen 
concentration is controlled at a predetermined value or 
lower. 

[0078] Next, when the opening portion 69 of the fin 
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mold 66 reaches the position of the narrow portion 57. 
the molten metal 53 Is poured through the opening portion 
69. Since the periphery of the fin mold 66 is ttghtiy held 
between the upper and lower mold guide rails 41 . 42 and 
it is also sandwiched by the preceding and subsequent 
ones, the positions of the opening portion 69 and the 
narrow portion 57 can be easily and accurately aligned. 
As a result, though the structure of the opening portion 
69 is simple, the molten metal 53 Is prevented from leak- 
ing to an undesired place even when the molten metal 
53 is poured by pressure through the narrow portion 57. 
Further, since the molten metal 53 is given a pressure, 
it also fills the comb-shaped portion 70 and the opening 
portion 69 serving also as the shrinkage cavity Inducing 
portion, leaving no space left unfilled. Further, since the 
ceramic member 86 is placed horizontally in the second 
mold recessed portion 63 to be stable owing to Its own 
weight, it does not fluctuate in its position and posture 
even when a large amount of the molten metal 53 is 
poured by pressure 

[0079] As the molten metal 53 is filled in the first mold 
recessed portion 62, the atmosphere in the first mold 
recessed portion 62 escapes from the lid atmosphere 
vent 71 that has reached the position aligned with the 
position of the atmosphere vent 47. 
[0080] When the filling of the molten metal 53 in the 
first mold recessed portion 62 is thus finished, the fin 
mold 66 advances to the cooling part 31 , where the so- 
lidification of the filled molten metal 53 is started from the 
mold outlet 46 side thereof by the cooling jacket 45. At 
this time, a strong force is given to the lower mold 67 and 
the lid mold 68 due to the camber of the molten metal 53 
that has started solidifying, but since they are tightly held 
between the upper and lower moid guide rails 41 . 42. the 
mold does not have to resist this camber only with its 
own strength, nor is it necessary to provide a tool for 
fixing the lower mold 67 and the lid mold 68. Further, the 
shrinkage cavity generated in accordance with the solid- 
ification of the molten metal 53 is induced to and gener- 
ated in the shrinkage cavity inducing portion 69, so that 
the generation of the shrinkage cavity in the metal-ce- 
ramic composite member with cooling fin can be avoided. 
[0081] In the above-described manner, It Is possible 
to successively manufacture the metal-ceramic compos- 
ite members with cooling fin. At this time, since both of 
the lower mold 67 and the lid mold 68 can be small-sized 
and light-weighted, the fin mold 66 can be simple In its 
external shape and Internal structure, which facilitates 
the heating and cooling thereof. Consequently, it is made 
possible to improve productivity and to reduce mold man- 
ufacturing cost as well. 

(Metal-ceramic composite member with wiring joining 
metal) 

[0082] A metal-ceramic composite member with wiring 
joining metal will be explained using FIG. 7 and FIG. 8. 
[0083] Here, FIG. 7 is a perspective view of an example 



of the metal-ceramic composite member with wiring join- 
ing metal, and FIG. 8 Is a cross sectional view of a mold 

72 for the metal-ceramic composite member with wiring 
joining metal (hereinafter, referred to as a wiring moid). 

5 [0084] First, in FIG. 7, the metal-ceramic composite 
member with wiring joining metal is a member having 
such a structure that, in the metal-ceramtc composite 
member explained using FIG. 3A to FIG. 3E. a wiring 
joining metal is joined instead of the brazing material and 

10 the copper plate. In other words. It has such a structure 
that one or a plurality of ceramic substrate(s) 82 Is(are) 
joined onto a joining metal 87 to be a base and a wiring 
joining metal 88 is further joined onto each of the ceramic 
substrates 82. 

15 [0085] Next, using FIG. 8. explanation will be given on 
a mold for the metal-ceramic composite member with 
wiring joining metal for use in manufacturing the example 
of the metal-ceramic composite member with wiring joirv 
Ing metal. 

20 [0086] In FIG. 8. the wiring mold 72 is In a rectangular 
parallelepiped shape having a mold upper face 64 and 
a mold lower face 65, similady to the mold explained in 
FIG. 2A. A first mold recessed portion 62 to be filled with 
a molten metal and second mold recessed portions 63 

25 in which ceramic substrates are to be placed are provided 
on the mold upper face 64, third mold recessed portions 

73 to be filled with the molten metal are further provided 
in lower portions of the second mold recessed portions 
63. and an in-mold molten metal runner 74 extends from 

30 the mold Inlet side of the first mold recessed portion 62 
toward the third mold recessed portions 73. This in-mold 
molten metal runner 74 connects the third mold recessed 
portions 73, and thereafter, communicates with an in- 
mold atmosphere vent 75 provided on the mold upper 

35 face 64 on the mold outlet side. 

[0087] Note that the mold upper face 64 has a recessed 
portion, which is a shrinkage cavity inducing portion 61 , 
provided at a portion adjacent to a portion where the mol- 
ten metal filled in the first mold recessed portion 62 is 

^0 finally solidified when this wiring mold 72 Is cooled in the 
cooling part 31 . The in-mold atmosphere vent 75 also 
works as a shrinkage cavity inducing portion for the sec- 
ond mold recessed portions 63. Further, in this wiring 
mold 72, a lid mold 93 for the wiring mold 72 is provided 

45 so as to cover an upper face of the first mold recessed 
portion 62 except the shrinkage cavity inducing portion 
61. 

[0088] When the molten metal is poured from the join- 
ing furnace 1 explained in FIG. 1 by pressure into this 

50 wiring mold 72 In which the ceramic substrates are 
placed, the metal-ceramic composite member with wiring 
joining metal shown in FIG. 7 can be manufactured. The 
manufacture thereof will be explained using again FIG. 
4A and FIG. 4B. 

55 [0089] First, the interval between the upper and lower 
mold guide rails 41, 42 is adjusted so as to correspond 
to the height of the wiring mold 72 and at the same time, 
the cylindrical portions 49 at both ends of the guide 48 
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are pulled out to be replaced with those closely fitting the 
wiring mold 72. Thereafter, the plural wiring molds 72 are 
inserted from the mold inlet 43, being contiguous to the 
preceding and subsequent ones. Each of the wiring 
molds 72 advances in the atmosphere replacing/heating 
part 1 1 . and while the wiring mold 72 is being heated, 
the first mold recessed portion 62 or the in-moid atmos- 
phere vent 75 reaches the opening portion 44 for atmos- 
phere replacement in mold, at which the atmosphere in 
the first and third mold recessed portions 62, 73 in the 
wiring mold 72 is replaced with an atmosphere whose 
oxygen concentration is controlled at a predetermined 
value or lower. 

[0090] Subsequently, when the shrinkage cavity in- 
ducing portion 61 in the first mold recessed portion 62 of 
the wiring mold 72 reaches the position of the narrow 
portion 57, and the positions of the atmosphere vent 47 
and the in-mold atmosphere vent 75 are aligned with 
each other, the molten metal 53 is poured through the 
shrinkage cavity inducing portion 61 adjacent to the first 
moid recessed portion 62. As the first mold recessed por- 
tion 62 is filled with the molten metal 53, the atmosphere 
inside the first mold recessed portion 62 escapes from 
the atmosphere vent 47. The molten metal 53 has vis- 
cosity, and therefore, when a considerable amount of the 
molten metal 53 is filled in the first mold recessed portion 
62, the filling of the third mold recessed portions 73 with 
the molten metal 53 is in turn started via the in-mold mol- 
ten metal runner 74 

[0091] Here, if the molten metal 53 starts to fill the third 
mold recessed portions 73 before the first mold recessed 
portion 62 is sufficiently filled with the molten metal 53, 
the ceramic substrates 82 may possibly float up by the 
pressure of the molten metal 53 in the third moid recessed 
portions 73. Therefore, it is preferable to appropriately 
adjust the diameter of the in-mold molten metal runner 
74, thereby causing the molten metal 53 to start filling 
the third mold recessed portions 73 after a sufficient 
amount of the molten metal 53 is filled in the first mold 
recessed portion 62. As the third mold recessed portions 
73 are filled with the molten metal 53, an atmosphere in 
the third mold recessed portions 73 escapes from the in- 
mold atmosphere vent 75. Since the molten metal 53 is 
pressure-inserted, it fills the area from the first and third 
mold recessed portions 62, 73 to the in-mold atmosphere 
vent 75, leaving no space unfilled. 
[0092] When the first and third mold recessed portions 
62, 73 are thus completely filled with the molten metal 
53, the wiring mold 72 advances to the cooling part 31, 
where the solidification of the filled molten metal 53 is 
started by the cooling jacket 45 from the mold outlet 46 
side. At this time, a strong force is given to the mold lower 
face 65 due to the camber of the molten metal 53 that 
has started solidifying in the third mold recessed portions 
73, but since the wiring mold 72 is tightly held between 
the upper and lower mold guide rails 41. 42, the mold 
lower face 65 and the lower mold guide rail 42 work in 
cooperation to generate a resisting force. SImilariy, the 



lid mold 93 of the wiring mold 72 and the upper mold 
guide rail 41 work in cooperation to generate a resisting 
force against a force that is given to the lid mold 93 of 
the wiring mold 72 due to the camber of the molten metal 
5 53 which has started solidifying in the first mold recessed 
portion 62. Further, the shrinkage cavity generated in ac- 
cordance with the solidification of the molten metal 53 is 
induced to and generated in the shrinkage cavity inducing 
portion 61 and the in-mold atmosphere vent 75, so that 

10 the generation of the shrinkage cavity in the metal-ce- 
ramic composite member with wiring joining metal can 
be avoided. Note that, since the upper face of the first 
mold recessed portion 62 is covered with the lid mold 93 
of the wiring mold 72 at this time, moldablity in this portion 

^5 can be enhance. 

[0093] In the above-described manner, it is possible 
to successively manufacture the metal-ceramic compos- 
ite members with wiring joining metal. At this time, since 
the mold lower face 65 and the lid mold 93 of the wiring 

20 mold 72 do not require strength, they can be small-sized 
and light-weighted, so that the wiring mold 72 can be 
simple both in its extemal shape and internal structure, 
which facilitates the heating and cooling thereof. Conse- 
quently, it is made possible to improve productivity and 

25 to reduce mold manufacturing cost as well. 

(Metal-ceramic composite member with cooling fin and 
wiring joining metal) 

30 [0094] A metal-ceramic composite member with cool- 
ing fin and wiring joining metal will be explained using 
FIG. 9, FIG. IDA. and FIG. 10B. 
[0095] Here, FIG. 9 is a perspective view of an example 
of the metal-ceramic composite member with cooling fin 

35 and wiring joining metal, FIG. 1 0A is a cross sectional 
view of a mold 76 for the metal-ceramic composite mem- 
ber with cooling fin and wiring joining metal (hereinafter, 
referred to as a fin/wiring mold), and FIG. 1 0B is a cross 
sectional view taken along the D-D line in FIG. 10A. 

40 [0096] First, in FIG. 9, the metal-ceramic composite 
member with cooling fin and wiring joining metal is so 
structured that the metal-ceramic composite member 
with cooling fin explained using FIG. 5 and the metal- 
ceramic composite member with wiring joining metal ex- 

^5 plained using FIG. 7 are integrated. Specifically, one or 
a plurality of the ceramic substrate(s)82 is(are) joined 
onto a joining metal 87, which is to be a base, having a 
comb-shaped cooling fin, and a wiring joining metal 88 
is further joined onto each of the ceramic substrates 82. 

50 [0097] Next, using FIG. IDA and FIG. 108, explanation 
will be given on a mold for the metal-ceramic composite 
member with cooling fin and wiring joining metal for use 
in manufacturing the example of the metal-ceramic com- 
posite member with cooling fin and wiring joining metal. 

55 [0098] In FIG. 10A and FIG. 108. the fin/wiring mold 
76 has a lower mold 67 and a lid mold 68. The lower mold 
67 has a first mold recessed portion 62 and second mold 
recessed portions 63. and the aforesaid ceramic sub- 
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strates 82 are placed in the second mold recessed por- 
tions 63. Further, third mold recessed portions 73 in which 
a molten metal is to be filled are provided in lower portions 
of the second mold recessed portions 63, and an in-mold 
molten metal runner 74 extends from the mold inlet side s 
of the first mold recessed portion 62 toward the third mold 
recessed portions 73. This in>mold molten metal runner 
74 connects the third mold recessed portions 73. and 
thereafter, communicates with an in-mold atmosphere 
vent 75 provided on the mold upper face 64 on the mold 
outlet side. 

[0099] Meanwhile, the lid mold 68 having a comt>- 
shaped portion 70, which is a comb-shaped irregularity, 
provided on a face thereof facing the ceramic substrates 
is disposed so as to cover the lower mold 67, leaving a ^5 
space in the first mold recessed portion 62 of the lower 
mold 67. An opening portion 69 and a lid atmosphere 
vent 71 are provided at appropriate places of the lid mold 
68. Note that the opening portion 69 and the lid atmos- 
phere vent 71 also serve as shrinkage cavity inducing 
portions. 

[01 00] When a molten metal is poured from the joining 
fumace 1 explained in FIG. 1 to this finA/viring mold 76 in 
which the ceramic substrates are placed, it is possible to 
manufacture the metal-ceramic composite member with 25 
cooling fin and wiring joining metal shown in FIG. 9. It is 
manufactured by concurrently implementing the above- 
described manufacturing method of the metal-ceramic 
composite member with cooling fin and manufacturing 
method of the metal-ceramic composite member with wir- 30 
ing joining metal. 

[01 01 ] As a result, the metal-ceramic composite mem- 
bers with cooling fin and wiring Joining metal can be suc- 
cessively manufactured. At this time, since the lower 
mold 67 and the lid mold 68 can be both small-sized and 35 
light-weighted, the fin/wiring mold 76 can be simple both 
in its external shape and internal structure, which facili- 
tates the cooling and heating thereof. Consequently, it is 
made possible to improve productivity and to reduce 
mold manufacturing cost as well. 

(Metal-ceramic composite member with double-sided 
wiring joining metals) 

[01 02] A metal-ceramic composite member with dou- 45 
ble-sided wiring joining metals will be explained using 
FIG. 11 and FIG. 12. 

[0103] Here, FIG. 11 is a perspective view of an ex- 
ample of the metal-ceramic composite member with dou- 
ble-sided wiring joining metals, and FIG. 12 is a cross 50 
sectional view of a mold 77 for the metal-ceramic com- 
posite member with double-sided wiring joining metals 
(hereinafter, referred to as a for use in manufacturing the 
example of this metal-ceramic composite member with 
double-sided wiring joining metals. ss 
[0104] As shown in FIG. 12, the double-sided wiring 
mold 77 has an upper mold 78 and a lower mold 79. 
Inside the upper and lower molds 78, 79, the ceramic 



substrate 82 is tightly held by a substrate holding portion 
94 provided on a joint face between both of the molds. 
The ceramic substrate 82 divides the inside of the upper 
and lower molds 78, 79 into a first mold recessed portion 
62 provided in the upper mold 78 and a third mold re- 
cessed portion 73 provided In the lower mold 79. 
[0105] An opening portion 69 is formed on the mold 
upper face 64 in the upper mold 78 on the mold inlet side 
by perforating the upper and lower molds 78. 79, and two 
parallel in-mold molten metal runners 74', 74 further ex- 
tend from the opening portion 69 toward the first and third 
mold recessed portions 62, 73. Here, the in-mold molten 
metal runner 74' is provided in the upper mold 78 and 
the in-mold molten metal runner 74 is provided in the 
lower mold 79. 

[0106] This in-mold molten metal runner 74' commu- 
nicates with the first mold recessed portion 62 and further 
communicates with an in-mold atmosphere vent 75 that 
is formed on the mold upper face 64 on the mold outlet 
side by perforating the upper and lower molds 78, 79. 
Whereas, the in-mold molten metal runner 74 communi- 
cates with the third mold recessed portion 73 and further 
communicates with the In-mold atmosphere vent 75. 
[01 07] When a molten metal is poured from the joining 
fumace 1 explained in FIG. 1 to this double-sided wiring 
mold 72 in which the ceramic substrate is placed, the 
metal-ceramic composite member with double-sided wir- 
ing joining metals can be manufactured. The manufac- 
ture thereof will be explained using again FIG. 4A and. 
FIG. 4B 

[01 08] First, the interval between the upper and lower 
mold guide rails 41 , 42 is adjusted so as to fit the double- 
sided wiring mold 77 in terms of height, and the cylindrical 
portions 49 at both ends of the guide 48 are pulled out 
to be replaced with those closely fitting the double-sided 
wiring mold 77. Thereafter, the plural double-sided wiring 
molds 77 are inserted from the mold inlet 43, being con- 
tiguous to the preceding and subsequent ones. Each of 
the double-sided wiring molds 77 advances in the atmos- 
phere replacing/heating part 1 1 , and while the double- 
sided wiring mold 77 is being heated, an entrance of the 
two parallel In-mold molten metal runners 74', 74 or the 
in-mold atmosphere vent 75 provided on the mold upper 
face 64 reaches the opening portion 44 for atmosphere 
replacement in mold, at which the atmosphere in the first 
and third mold recessed portions 62, 73 in the double- 
sided wiring mold 77 Is replaced with an atmosphere 
whose oxygen concentration Is controlled at a predeter- 
mined value or lower 

[0109] Next, when the opening portion 69 provided in 
the mold upper face 64 of the double-sided wiring mold 
77 reaches the position of the narrow portion 57 and the 
positions of the atmosphere vent 47 and the in-mold at- 
mosphere vent 75 are aligned with each other, the molten 
metal 53 is poured by pressure through the opening por- 
tion 69. As the first and third mold recessed portions 62, 
73 are filled with the molten metal 53, the atmosphere in 
the first and third mold recessed portions 62, 73 passes 
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through the in-mold molten metal runners 74', 74 and the 
in-mold atmosphere vent 75 to escape through the at- 
mosphere vent 47. 

[01 10] As described above, in the double-sided wiring 
mold 77, the ceramic substrate 82 is tightly held by the 
substrate holding portion 94 provided on the joint face 
between the upper and lower molds 78, 79. and therefore, 
the floating of the ceramic substrate 82, which may occur 
as the third mold recessed portion 73 is filled with the 
molten metal 53, does not pose any particular problem. 
As the first and third mold recessed portions 62, 73 are 
filled with the molten metal 53. atmospheres in both of 
the recessed portions escape through the in-mold atmos- 
phere vent 75. 

[0111] When the first and third mold recessed portions 
62, 73 are thus completely filled with the molten metal 
53. the double-sided wiring mold 77 advances to the cool- 
ing part 31 , where the cooling jacket 45 solidifies the mot- 
ten metal 53 starting from the mold outlet 46 side. At this 
time, a strong force is given to the mold upper and lower 
faces 64, 65 due to the camber of the molten metal 53 
that has started solidifying in the both of the recessed 
portions, but since the mold upper and lower faces 64. 
65 are tightly held between the upper and lower guide 
rails 41 . 42 respectively, the mold does not have to resist 
this camber only with its own strength. Similarly, no tool 
for fixing the upper and lower molds 78. 79 is required. 
Note that shrinkage cavity that is generated in accord- 
ance with the solidification of the molten metal 53 is in- 
duced to and generated in the opening portion 69 and 
the in-mold atmosphere vent 75 which serve also as the 
shrinkage cavity inducing portions, so that the generation 
of the shrinkage cavity in the metal-ceramic composite 
member with double-sided wiring joining metals can be 
avoided. 

[0112] In the above-described manner, the metal-ce- 
ramic composite members with double-sided wiring join- 
ing metals can be successively manufactured. At this 
time, since the mold upper and lower faces 64. 65 do not 
require strength, they can be small-sized and light- 
weighted, so that the double-sided wiring mold 77 can 
be simple both in its external shape and internal structure, 
which facilitates the heating and cooling thereof. Conse- 
quently, it is made possible to improve productivity and 
to reduce mold manufacturing cost as well. 
[0113] The metal-ceramic composite members ac- 
cording to the present invention as detailed above, par- 
ticularty. the metal-ceramic composite member with cool- 
ing fin and so on can be processed into electronic mem- 
ber with electronic devices mounted thereon in such a 
manner that the circuit metaj plate or the joining metal 
joined onto one side of the ceramic substrate is proc- 
essed into a wiring material by etching or the like having 
a predetermined pattern to have electronic devices such 
as diodes, FET, and IGBT mounted thereon, and the met- 
al plate, joining metal, or cooling fin joined onto the other 
side of the ceramic substrate is used as a cooling mem- 
ber. 



[0114] In any of the metal-ceramic composite mem- 
bers according to the present invention, a joining strength 
between the ceramic substrate and the joining metal that 
is joined thereon is firm, so that the joining metal is not 

5 exfoliated even when being exposed to a high tempera- 
ture, and further, the freedom degree in designing the 
cooling fin and so on is high, so that the aforesaid elec^ 
tronic members having the electronic devices mounted 
thereon are suitable for use in power electronics, electric 

^0 automobiles, and so on dealing with high power. 

(Example 1) 

[0115] As a mold, a carbon mold in substantially the 
^5 same shape as that shown in FIG. 2 was used, the mold 
being so structured that the extemal dimension thereof 
was 100 X 250 x 17 mm; the dimension of a first mold 
recessed portion was 90.9 x 1 51 .5 x 5 mm; in the second 
mold recessed portion, the dimension of a portion having 
20 the size corresponding to the size of a ceramic substrate 
to be placed therein was 40 x 40 x 0.635 mm and the 
dimension of a portion having the size corresponding to 
the size of a metal plate to be disposed therein was 39 
X 39 x 0.3 mm; the dimension of a shrinkage cavity 
25 inducing portion adjacent to the first mold recessed por- 
tion was 50 X 40 X 2 mm; and the second mold recessed 
portions were disposed at three places in the first mold 
recessed portion. 

[0116] As a metal-ceramic brazed substrate, prepared 
30 was the one that was formed in such a manner that 20 
(Jim of an active metal brazing material was applied on 
an aluminum nitride substrate with a dimension of 40 x 
40 X 0.3 mm and a thickness of 0.635 mm, a copper 
plate with a thickness of 0.3 mm was placed thereon, and 
35 they were heated to the peak temperature 850°C in a 
vacuum atmosphere to be braze-joined together. Then, 
a wiring pattern was reslst-printed on this metal-ceramic 
brazed substrate in which the copper plate was brazed, 
and etching was conducted to process the copper plate 
"^0 into a predetermined circuit form having a dimension of 
39 X 39 X 0.3 mm. 

[01 17] In the joining furnace, the atmosphere was set 
to a nitrogen atmosphere of 1 atm, aluminum was used 
as a molten metal, the temperature of the atmosphere 

^5 replacing/heating part was set to 700*C, the temperature 
of the molten-metal push-out part was set to 740*'C. the 
temperature of the cooling part was set to 700**C, and 
the temperature of the cooling jacket was set to 50'*C. 
The piston to press the molten metal was given a 500 g 

50 load, and the pouring time was set to 20 seconds. 

[01 1 8] After the temperature of each of the parts in the 
joining furnace and the molten metal were checked, three 
dummy molds were first inserted into the joining furnace, 
and the molds each having the aforesaid metal-ceramic 

55 brazed substrates placed therein were successively in- 
serted. The inserting rate of one mold/minute was at- 
tained. 

[0119] As a result, metal-ceramic composite members 
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in each of which three metal-ceramic brazed substrates 
were joined onto the aluminum base plate having the 
dimension of 90 x 150 x 5 mm were obtained. The joint 
portions of the metal-ceramic composite members were 
free from defect and had sufficient joining strength. 

(Example 2) 

[0120] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1. 
except that, in the joining fumace, the temperature of the 
atmosphere replacing/heating part was set to 740**C. the 
temperature of the molten-metal push-out part was set 
to TACC, and the temperature of the cooling part was 
set to 600'C. 

[0121] The mold inserting rate of one mold/minute was 
attained 

[0122] Thejointportionsof theobtained metal-ceramic 
composite members were free from defect and had suf- 
ficient joining strength. 

(Example 3) 



ufactured under the same conditions as in Example 1. 
except that, as a mold, a carbon mold in substantially the 
same shape as that shown in FIG. 2 but with a structure 
described below was used and that five pieces of copper- 
5 silicon nitride brazed substrates were placed, the mold 
being so structured that the external dimension thereof 
was 100 X 350 x 17 mm, the dimension of a first mold 
recessed portion was 90.9 x 252.5 x 5 mm; the dimen- 
sion of a second mold recessed portion was 40 x 20 x 
10 0.25 mm; the dimension of a third mold recessed portion 
was 30 X 1 9 X 0.3 mm; and the dimension of a shrinkage 
cavity inducing portion adjacent to the first mold recessed 
portion was 50 x 60 x 2 mm, the second and third mold 
recessed portions were provided at five places in the first 
IS mold recessed portion. 

[01 28] The mold inserting rate of one mold/minute was 
attained. 

[01 29] The joint portions of the obtained metal-ceramic 
composite member were free from defect and had suffi- 
cient joining strength. 

(Example 5) 



20 



[0123] Metal-ceramic composite members were man- [0130] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1 , 25 ufactured under the same conditions as in Example 1 , 
except that, as a mold, a carbon mold in substantially the except that, as a mold, a carbon mold In substantially the 
same shape as that shown in FIG. 2 but with a structure same shape as that shown in FIG. 6A and FIG. 6B was 
described below was used and that a copper-alumina used, the mold being so structured that the external di- 
directiy joined substrate was used instead of the metal- mansion thereof was 1 00 x 250 x 50 mm, the dimension 
ceramic brazed substrate, the mold being to structured 30 of a first mold recessed portion was 90.9 x 151.5 x 5 
that the extemal dimension thereof was 100 x 150 x 17 mm, the dimension of a second mold recessed portion 
mm. the dimension of a first mold recessed portion was was 40 x 40 x 0.635 mm, the dimension of a third mold 
50,5 X 90.9 X 4 mm, the dimension of a second mold recessed portion was 39 x 39 x 0.3 mm, the dimension 
recessed portion was40 x 60 x 0.25 mm, the dimension of a shrinkage cavity inducing portion adjacent to the first 
of a third mold recessed portion was 39 x 59 x 0.3 mm, 35 mold recessed portion was 50 x 40 x 2 mm, second and 
the dimension of a shrinkage cavity inducing portion ad- third mold recessed portions were provided at three plac- 
jacent to the first mold recessed portion was 30 x 40 x es in the first mold recessed portion, an in-mold molten 
2 mm. the second and third mold recessed portions were metal runner with a diameter of 2^ was provided, and 
provided at one place in the first mold recessed portion. the width of a fin portion was 2 mm 
[01 24] The mold inserting rate of one mold/minute was [0131] The mold inserting rate of one mold/minute was 
attained. attained. 

[0125] Thejointportionsof the obtained metal-ceramic [0132] As a result, metal-ceramic composite members 
composite members were free from defect and had suf- were obtained, each being so structured that three metal- 
ficient joining strength. ceramic brazed substrates were joined onto an aluminum 
[0126] Incidentally, the aforesaid copper-alumina di- base plate with fin having a dimension of 90 x 150 x 30 
rectly joined substrate was prepared that was formed in mm. The joint portions of the metal-ceramic composite 
such a manner that a copper plate with a thickness of members were free from defect and had sufficient joining 
0.3 mm was placed on an alumina substrate with a thick- strength, 
ness of 0.25 mm and they were heated at the peak tem- 
perature 1060^*0 in a nitrogen atmosphere to be directly so (Example 6) 
joined together. Then, a wiring pattern was resist-printed 

on this directly joined copper plate, and the copper plate [01 33] Metal-ceramic composite members were man- 
was further etched to be processed into a circuit form ufactured under the same conditions as in Example 1 , 
having a predetermined dimension of 39 x 59 x 0.3 mm. except that, as a mold, a carbon winng mold in substan- 

ss tially the same shape as that shown in FIG. 8 was used 

(Example4) and that an aluminum nitride substrate having a dimen- 
sion of 40 X 40 X 0.635 mm was used instead of the 

[01 27] Metal-ceramic composite members were man- metal-ceramic brazed substrate; the mold being so struc- 
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tured that the external dimension thereof was 100 x 250 
X 1 7 mm, the dimension of a first mold recessed portion 
was 90.9 X 151.5 X 15 mm, the dimension of a second 
mold recessed portion was 40 x 40 x 0.635 mm. the 
dimension of a third mold recessed portion was 39 x 39 
X 0.4 mm, the dimension of a shrinkage cavity inducing 
portion adjacent to the first mold recessed portion was 
50 X 40 X 2 mm, the second and third mold recessed 
portions were provided at three places in the first mold 
recessed portion, and an in-mold molten metal runner 
with a diameter of 2 <[) was provided. 
[0134] The mold inserting rate of one mold/minute was 
attained. 

[01 35] As a result, metal-ceramic composite members 
were obtained, each being so structured that three ce- 
ramic substrates were joined onto an aluminum base 
plate having a dimension of 90 x 150 x 5 mm and alu- 
minum having a dimension of 39 x 39 x 0.4 mm was 
joined onto each of the ceramic substrates. The joint por- 
tions of the metal-ceramic composite members were free 
from defect and had sufficient joining strength. 

(Example 7) 

[01 36] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1, 
except that, as a mold, a carbon wiring mold in substan- 
tially the same shape as that shown in FIG. 8 was used 
and that an alumina substrate having a dimension of 40 
X 60 X 0.25 mm was used instead of the metal-ceramic 
brazed substrate, the mold being so structured that the 
extemal dimension thereof was 100 x 150 x 17 mm, the 
dimension of a first moid recessed portion was 50.5 x 
90.9 X 4 mm, the dimension of a second mold recessed 
portion was 40 x 60 x 0.25 mm, the dimension of a third 
mold recessed portion was 39 x 59 x 0.3 mm, the di- 
mension of a shrinkage cavity inducing portion adjacent 
to the first mold recessed portion was 30 x 40 x 2 mm, 
the second and third mold recessed portions were pro- 
vided at one place in the first mold recessed portion, and 
an in-mold molten metal runner with a diameter of 2 <|) 
was provided. 

[0137] The mold inserting rate of one mold/minute was 
attained. 

[0138] As a result, metal-ceramic composite, mem- 
bers were obtained, each being so structured that one 
ceramic substrate was joined onto an aluminum base 
plate having a dimension of 50 x 90 x 4 mm and alumi- 
num having a dimension of 39 x 59 x 0.3 mm was joined 
onto the ceramic substrate. The joint portions of the met- 
al-ceramic composite members were free from defect 
and had sufficient joining strength. 



(Example 8) 

[01 39] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1 . 
except that, as a mold, a carbon wiring mold in substan- 



tially the same shape as that shown in FIG. 8 was used 
and that a silicon nitride substrate having a dimension of 
40 X 20 X 0.32 mm was used instead of the metal-ce- 
ramic brazed substrate, the mold being so structured that 
the extemal dimension thereof was 100 x 350 x 17 mm, 
the dimension of a first mold recessed portion was 90.9 
X 252.5 X 5 mm. the dimension of a second mold re- 
cessed portion was 40 x 20 x 0.25mm. the dimension 
. of a third mold recessed portion was 39 x 19 x 0.4 mm, 
^0 the dimension of a shrinkage cavity inducing portion ad- 
jacent to the first mold recessed portion was 50 x 60 x 
2 mm, the second and third moid recessed portions were 
provided at five places in the first mold recessed portion, 
and an in-mold molten metal runner with a diameter of 2 
IS ^ was provided. 

[01 40] The mold inserting rate of one mold/minute was 
attained? 

[0141] As a result, metal-ceramic composite members 
were obtained, each being so structured that five ceramic 
20 substrates were joined onto an aluminum base plate hav- 
ing a dimension of 90 x 252 x 5 mm and aluminum 
having a dimension of 39 x 19 x 0.4 mm was joined 
onto each of the ceramic substrates. The joint portions 
of the metal-ceramic composite members were free from 
2S defect and had sufficient joining strength. 

(Example 9) 

[0142] Metal-ceramic composite members were man- 
30 ufactured under the same conditions as in Example 1 , 
except that, as a mold, a carbon mold in substantially the 
same shape as that shown in FIG. 10A and FIG. 10B 
was used and that an aluminum nitride substrate having 
a dimension of 40 x 40 x 0.635 mm was used instead 
35 of the metal-ceramic brazed substrate, the mold being 
so structured that the external dimension thereof was 
100 X 250 x 50 mm, the dimension of a first mold re- 
cessed portion was 90.9 x 1 51 .5 x 5 mm. the dimension 
of a second mold recessed portion was 40 x 40 x 0.635 
"^0 mm, the dimension of a third mold recessed portion was 
39 x 39 X 0.635 mm. the dimension of a shrinkage cavity 
inducing portion adjacent to the first mold recessed por- 
tion was 50 X 40 X 2 mm, the second and third mold 
recessed portions were provided at three places in the 
45 first mold recessed portion, an in-mold molten metal run- 
ner with a diameter of 2^ was provided, and a fin portion 
had a width of 2 mm. 

[0143] The mold inserting rate of one mold/minute was 
attained. 

so [0144] As a result, metal-ceramic composite members 
were obtained, each being so structured that three ce- 
ramic substrates were joined onto an aluminum base 
plate having a dimension of 90 x 1 50 x 30 mm and 
aluminum having a dimension of 39 x 39 x 0.4 mm was 
55 joined onto each of the ceramic substrates. The joint por- 
tions of the metal-ceramic composite members were free 
from defect and had sufficient joining strength. 
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(Example 10) 

[0145] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1 . 
except that, as a mold, a carbon double-sided vAhng mold 5 
in substantially the same shape as that shown in FIG. 12 
was used and that an aluminum nitride substrate having 
a dimension of 80 x 90 x 0.635 mm was used instead 
of the metal-ceramic brazed substrate, the mold being 
so structured that the external dimension thereof was io 
100 X 150 X 14 mm, the dimension of a first and a third 
mold recessed portion was 78 x 80 x 0.4 mm. the di- 
mension of a substrate holding portion was 80 x 90 x 
0.635 mm, the first and third mold recessed portions were 
provided at one place in the mold, and an in-mold molten is 
metal runner with a diameter of 2^ was provided. 
[0146] The mold inserting rate of one mold/minute was 
attained. 

[01 47] As a result, metal>ceramic composite members 
were obtained, each being so structured that aluminum 20 
having a dimension of 78 x 80 x 0.4 mm was joined 
onto front and rear faces of the ceramic substrate. The 
joint portions of the metal-ceramic composite members 
were free from defect and had sufficient joining strength. 

25 

(Example 11) 

[01 48] Metal-ceramic composite members were man- 
ufactured under the same conditions as in Example 1 , 
except that, as a mold, a carbon double-sided wiring mold 30 
in substantially the same shape as that shown in FIG. 12 
was used and that an alumina substrate having a dimen- 
sion of 70 X 80 X 0.25 mm was used instead of the metal- 
ceramic brazed substrate, the mold being so structured 
that the external dimension thereof was 100 x 150 x 14 35 
mm, the dimension of a first and a third mold recessed 
portion was 68 x 78 x 0.4 mm. the dimension of a sub- 
strate holding portion was 70 x 80 x 0.25 mm, the first 
and third mold recessed portions were provided at one 
place in the mold, and an in-mold molten metal runner ^0 
with a diameter of 2^ was provided. 
[0149] The mold inserting rate of one mold/minute was 
attained. 

[0150] As a result, metal-ceramic composite members 
were obtained, each being so structured that aluminum 45 
having a dimension of 68 x 78 x 0.4 mm was joined 
onto front and rear faces of the ceramic substrate. The 
joint portions of the metal-ceramic composite members 
were free from defect and had sufficient joining strength. 
[01 51] As is detailed above, the present invention is a so 
manufacturing apparatus of a metal-ceramic composite 
member that joins a metal onto the surface of a ceramic 
member by a direct joining strength of a ceramic and a 
metal on an interface therebetween in such a manner 
that the ceramic member is placed in a mold member, a 55 2 
molten metal to be joined Is poured into the mold member 
so as to be in contact with the surface of the ceramic 
member, and the molten metal is cooled and solidified, 



and the manufacturing apparatus comprises: 

a plurality of process regions; and 
a passage member extending along the plural proc- 
ess regions, that allows the mold member to pass 
therethrough, 

the molten metal to be joined being poured while the 
mold member is passing through the passage mem- 
ber practically in a shielded state from the atmos- 
phere. 

[01 52] The use of this manufacturing apparatus makes 
it possible to perform heating, molten-metal pouring, and 
cooling while the mold member having the ceramic mem- 
ber placed therein is passing through the passage mem- 
ber practically in a shielded state from the atmosphere, 
and makes it possible for the plural mold members to 
pass through the passage member, being contiguous to 
one another, and moreover, since the molten metal to be 
joined is poured to the mold member, the time for melting 
the metal is not required and the mold member itself can 
be downsized, resulting in the reduction in the heating 
and cooling time, so that productivity of the metal-ceramic 
composite member has been greatly improved. 



Claims 

1. An apparatus for manufacturing a metal-ceramic 
composite member that joins metal onto a surface 
of a ceramic member by a direct joining strength of 
a ceramic and a metal on an interface therebetween 
in such a manner that the ceramic member is placed 
in a mold member, a molten metal to be joined is 
poured into the mold member so as to come into 
contact with the surface of the ceramic member, and 
the molten metal is cooled and solidified, the manu- 
facturing apparatus comprising: 

a plurality of process regions; and 
a passage member extending along said plural 
process regions, that allows the mold member 
to pass therethrough, 

wherein the molten metal to be joined is poured while 
the mold member is passing through said passage 
member practically in a shielded state from the at- 
mosphere; and 

said process regions comprise: 

an atmosphere replacing/heating region (11), 
a molten-metal push-out region (21); and 
a cooling region (31). 

An apparatus for manufacturing a metal-ceramic 
composite member according to claim 1, wherein 
the mold member is held tightly by said passage 
member. 
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3. An apparatus for manufacturing, a metal-ceramic 
composite member according to claim 1 or claim 2, 
wherein a predetermined amount of the molten metal 
to be joined is poured to the mold member by pres- 
sure. 

4. An apparatus for manufacturing a metal-ceramic 
composite member according to any one of daim 1 
to claim 3, wherein the molten metal to be joined is 
made to flow while being in contact with the mold 
member and poured so as to come into contact with 
the surface of the ceramic member. 

5. An apparatus according to any one of claim 1 to claim 

4, wherein the ceramic member is placed horizon- 
tally in a mounting portion in the mold member, uti- 
lizing a self-weight of the ceramic member. 

6. An apparatus according to anyone of claim 1 to claim 

5, comprising 

a shrinkage cavity inducing portion provided In the 
mold member, that causes a shrinkage cavity of the 
metal to be generated therein when the molten metal 
is cooled. 

7. A method for manufacturing a metal-ceramic com- 
posite member, comprising: 
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Patentanspruche 

1. Vorrichtung zur Herstellung eines Bauteils aus ei- 
nem Metall-Keramik-Komposlt. welche Metall auf ei- 
ne Oberfldche eines Keramik-Bautells durch eine di- 
rekte Verbindungsstarke einer Keramik und eines 
Metalls bei einer Grenzflache dazwischen derart ver- 
bindet, dass das Keramik-Bauteil in ein Gussform- 
Bauteil angeordnet ist, ein zu verbindendes ge- 
schmolzenes Metall wird in das Gussform-Bauteii 
gegossen, um in Kontakt mit der Oberflache des Ke- 
ramik-Bauteils zu gelangen und das geschmolzene 
Metall wird abgekuhit und erstarrt, die Herstellungs- 
vorrichtung umfasst: 

eine Vielzahl von Prozessbereichen; und 
ein entlang der Vielzahl von Prozessbereichen 
erstreckendes Durchgang-Bauteil, welches den 
Durchgang des Gussform-Bauteils dadurch er- 
moglicht, 

wobet das zu verbindende geschmolzene Metall ge- 
gossen wird, wahrend das Gussform-Bauteil das 
Durchgang-Bauteil in einem von der Atmosphare im 
Wesentlichen abgeschirmten Zustand durchlaufl; 
und 

die Prozessbereiche umfassen: 



placing a ceramic member in a mold member in 
an atmosphere replacing/heating region (11), 30 
pouring a molten metal to be joined into the mold 
member so as to bring the molten metal into con- 
tact with a surface of the ceramic member in a 
molten-metal push-out region (21), and 2. 
cooling and solidifying the molten metal to join 35 
the metal onto the surface of the ceramic mem- 
ber by a direct joining strength of the ceramic 
and the metal on an interface therebetween in 
a cooling region (31 ), 3. 

40 

wherein the molten metal to be joined is poured while 
the mold member is passing through a passage 
member extending along a plurality of process re- 
gions, practically in a shielded state from the atmos- 
phere. 45 4. 

8. A method for manufacturing a metal-ceramic com- 
posite member according to claim 7, wherein the so- 
lidification is made to progress in one direction when 
the molten metal is cooled and solidified. so 

9. A method for manufacturing a metal-ceramic com- 
posite member according to daim 7 or claim 8, 

wherein the metal is aluminum or an alloy essentially 5. 
consisting of aluminum, and 55 
wherein the ceramic member is any one of an oxide, 
a nitride, and a carbide of aluminum, and an oxide, 
a nitride, and a carbide of silicon. 



einen Atmospharen Ersetzungs-ZEnvdrmungs- 
Bereich (1 1 ); 

einen Schmelzmetall-AusstoHbereich (21); und 
einen Abkuhlbereich (31). 

Vorrichtung zur Herstellung eines Bauteils aus ei- 
nem Metall-Keramik-Komposit nach Anspruch 1, 
wobei das Gussform-Bauteil durch das Durchgang- 
Bauteil dicht gehalten ist. 

Vorrichtung zur Herstellung eines Bauteils aus ei- 
nem Metall-Keramlk-Komposit nach Anspruch 1 
Oder 2, wobei eine vorbestimmte Menge des zu ver- 
bindenden geschmolzenen Metalls in das Guss- 
form-Bauteil durch Druckkraft gegossen ist. 

Vorrichtung zum Herstellen eines Bauteils aus ei- 
nem Metall-Keramlk-Komposit nach einem der An- 
spruche 1 bis 3, wobei das zu verbindende ge- 
schmolzene Metall derart ausgebildet ist, damit es, 
w3hrend es in BerOhrung mit dem Gussform-Bauteil 
ist, fllefit und derart gegossen wird, damit es in Be- 
ruhrung mit der Oberflache des Keramik-Bauteils 
gelangt. 

Vorrichtung nach einem der Anspruche 1 bis 4. wo- 
bei das Keramik-Bauteil horizontal in einem Monta- 
geabschnitt in dem Gussfonn-Bauteil unter Nutzung 
eines Eigengewichts des Keramik-Bauteils ange- 
ordnet ist. 
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6, Vonichtung nach einem der Anspruche 1 bis 5, um- 
fassend 

einen Schmmpf-Hohlraum induzierenden Abschnitt, 
der in dem Gussform-Bauteil vorhanden ist, welcher 
belm Abkuhlen des geschmolzenen Metalls verur- 5 
sacht. dass ein Schaimpf-Hohlraum des Metalls dar- 
in erzeugt wird. 

7. Verfahren zur Herstellung eines Bauteils aus einem 
Metall-Keramik-Komposit, umfassend: io 

Anordnen eines Keramlk-Bauteils In einem 
Gussfomfi-Bauteif in einem AtmosphSren Erset- 
2ungs-/Erwamfiungs-Bereich (1 1), 
Giefien eines zu verbindenden geschmolzenen is 
Metalls in das Gussfonm-Bauteil derart, dass 
das geschmolzene Metall in Bemhrung mit einer 
Oberflache des Keramik-Bauteils in einem 
Schmelzmetall-AusstoSbereich (21) gelangt. 
und 20 
Abkuhlen und Erstarren des geschmolzenen 
Metalls zum Verbinden des Metalls auf die Ober- 
flache des Keramik-Bauteils durch eine direkte 
Verbindungsstarke des Keramiks und des Me- 
talls bei einer Grenzflache dazwischen in einem 25 
AbkOhlbereich (31), 

wobei das zu verblndende geschmolzene Metall ge- 
gossen wird, wahrend das Gussform-Bauteil ein 
Durchgang-Bauteil, welches sich entlang einer Viel- 
zahl von Prozessbereichen erstreckt. in einem von 
der Atmosphare im Wesentlichen abgeschirmten 
Zustand durchlSuft. 

Verfahren zur Herstellung eines Bauteils aus einem 
Metall-Keramlk-Komposit nach Anspruch 7, wobei 
die Erstarrung zum Fortschreiten in eine Richtung 
festgelegt wird, wenn das geschmolzene Metall ab- 
gekUhlt und erstarrt wird. 

Verfahren zur Herstellung eines Bauteils aus einem 
Metall-Keramik-Komposit nach Anspruch 7 oder 8. 
wobei das Metall Aluminium oder eine Legierung im 
Wesentlichen bestehend aus Aluminium ist, und 
wobei das Keramik-Bauteil eines von: ein Oxid, ein 45 
Nitrid und ein Carbid aus Aluminium, und ein Oxid, 
ein Nitrid und ein Carbid aus Silizium ist. 
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pour la jonction soit coule dans la piece de moulage 
pour venir en contact avec la surface de la pi§ce en 
c§ramique. et que le m§tal fondu sort refroidi et so- 
lidifie, le dispositif de fabrication comprenant : 

une pluralite de regions de traitement ; et 
un organe de passage, s'§tendant le long de 
ladite plurality de regions de traitement. permet- 
tant a la piece de moulage de passer a travers 
lui. 

dans lequel le m§tal fondu devant faire I'objet de la 
jonction est coule tandis que la pi6ce de moulage 
est passee d travers ledit organe de passage, prati- 
quement en un 6tat ecrant§ vis-d-vis de 
I'atmosphere ; et 

lesdites regions de traitement comprennent : 

une region de remplacement/chauffage d'at- 
mosphere (11) ; 

une region d'expulsion de metal fondu (21) ; et 
une region de refroidissement (31). 

Dispositif de fabrication d'une piece composite en 
c6ramique-metal selon la revendication 1 , dans le- 
quel la piece de moulage est maintenue intimement 
par ledit organe de passage. 

Dispositif de fabrication d'une piece composite en 
ceramique-metal selon la revendication 1 ou la re- 
vendication 2, dans lequel une quantit6 pr6d6termi- 
nee de metal fondu a joindre est coulee dans la pidce 
de moulage, sous pression. 

Dispositif de fabrication d'une piece composite en 
cSramique-metal selon Tune quelconque des reven- 
dications 1 a la revendication 3, dans lequel le m^tal 
fondu a joindre est amen6 a s'ecouler tout en etant 
en contact avec la pi6ce de moulage et est verse de 
mani^re a venir en contact avec la surface de la piece 
en ciramique. 

Dispositif selon Tune quelconque des revendications 
1 a la revendication 4, dans lequel la pi^ce en c6ra- 
mique est placee horizontalement dans une partie 
de montage dans ia piece de moulage, en utilisant 
la charge en soi de la pi§ce en c^ramique. 



Revendications 50 

1. Dispositif pour la fabrication d'une pi6ce composite 
en c6ramique-m6tal, etablissant une jonction metal- 
lique sur une surface d*une pi§ce c^ramique par une 
resistance de jonction directe d'une c6ramique et 55 
d'un metal sur une interface entre eux, de telle ma- 
nidre que la pi^ce en ceramique soit placee dans 
une pi6ce de moulage, qu'un m6tal fondu d utiliser 



6. Dispositif selon Tune quelconque des revendications 
1 a la revendication 5, comprenant : 

une cavite de retraction, comprenant une partie 
pr6vue dans la pi^ce de moulage, provoquant 
la generation en son sein d'une cavite de retrac- 
tion du metal, lorsque le metal fondu est refroidi. 

7. Precede de fabrication d'une piece composite en ce- 
ramique-metal, comprenant : 
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le piacement d'une piece en ceramique dans 
une pidce de moulage, dans une region de renv 
placement/chauffage d'atmosphere (11), 
le versement d'un metal fondu a joindre dans la 
piece de moulage, pour placer le mital fondu s 
en contact avec une surface de la piece en ce- 
ramique, dans une region d'expulsion de metal 
fondu (21). 
et 

le refroldissement et la solidification du metal io 
fondu pour joindre le metal sur la surface de la 
piece en ceramique, par une resistance de jonc- 
tlon directe de la ceramique et du m^tal sur une 
interface entre eux, dans une region de refrol- 
dissement (31), 15 

dans lequel le metal fondu a joindre est verse tandis 
que la pi^ce de moulage est pass^e par un organe 
de passage s'etendant sur une pluralite de regions 
de traitement, pratiquement a un etat ecrante vis-a- 20 
vis de Tatmosph^re. 



8. Proc6d§ de fabrication d'une pi^ce composite en c^- 
ramtque-metal selon la revendication 7, dans lequel 
la solidification est accomplie en progressant dans 25 
une direction lorsque le metal fondu est refroidi et 
solid ifi6. 



9. Procede de fabrication d'une piece composite en ce- 
ramique-metal selon la revendication 7 ou la reven- 30 
dicatron 8, 

dans lequel le m6tal est de raluminium, ou un alliage 
compost essentiellement d'aluminium. et 
dans lequel la piece en ceramique est I'une quelcon- 
que d'un oxyde, d'un nitrure, et d'un carbure d'alu- 3S 
minium, et d'un oxyde, d'un nitrure, et d'un carbure 
de silidum. 
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FIG.1 
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FIG.2 A 



F!G:2 B 



F I G 2 D. 
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FIG.7 
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